ABSTRACT
INTRODUCTION
Sphalerite (ZnS) is the most important zinc sulphide mineral and is the main source from which zinc is produced commercially. It exists naturally in association with other metal sulphide minerals, such as chalcopyrite (CuFeS 2 ), galena (PbS), and Pyrite (FeS 2 ). In mineral processing engineering, the concentrates of these sulphide minerals are collected separately using selective conventional froth flotation.
The conventional process of zinc recovery from sphalerite involves roasting to zinc oxide or sulphate, leaching the resultant calcine with dilute sulphuric acid and electrodepositing the zinc from the purified leach solution [1] . The roasting step produces SO 2 gas, however environmental restriction imposed on sulphide smelters have resulted to the development of alternative methods including hydrometallurgical routes which eliminates production of SO 2 .
Various leaching studies have been carried out [2] [3] [4] [5] [6] [7] using ammonia solution, nitric acid [8] , hydrochloric acid [9] [10] [11] , sulphuric acid [12, 13] and oxidizing agents such as ferric ions [14] [15] [16] [17] [18] [19] [20] .
Adebayo et al., [21] investigated the leaching of sphalerite with hydrogen peroxide and nitric acid solutions. The result of the investigation shows that leaching of sphalerite is dependent on temperature and stirring speed and inversely proportional to the ore size. The activation energy was found to be 28kJmol-1 suggesting that the reaction is chemically controlled at the surface of the particle.
Olubambi et al. [22] carried out investigation on the effectiveness of hydrogen peroxide as an oxidant for the sulphuric acid leaching of zinc and copper from a complex sulphide ore. The result of the investigation indicates that the concentrations of zinc and copper decreased while silica, sulphur, iron and lead contents increased. Dissolution results [22] show that leaching rate of copper was lower than that of zinc. The highest recoveries of zinc and copper were obtained at a leaching time of 180 minutes, stirring speed of 160 rpm, ore particle size of 75μm and a concentration of 1M H 2 SO 4 / 1M H 2 O 2 . It was observed that the leaching rate of zinc and copper increased with increasing hydrogen peroxide concentration while increased stirring speed had a negative leaching effect as it promotes hydrogen peroxide decomposition [22] .
Nwoye [23] derived a model for predicting the initial solution pH at pre-assumed final pH and concentration of dissolved zinc, during leaching of galena in butanoic acid solution. The model
shows that the initial pH of the leaching is dependent on the values of the pre-assumed final solution pH and concentration of dissolved zinc. The validity of the model was rooted in the expression e N(γ/α) = 3 √Zn where both sides of the expression were approximately equal to 4. The respective deviation of the model-predicted initial solution pH value from that of the corresponding experimental value was less than 2% which is quite within the acceptable deviation limit of experimental results. 
MODEL
During the leaching process, the ore was assumed to be stationary in the reaction vessel and contains the un-leached lead and zinc as part of reaction remnants. The ore was attacked by hydrogen ions from butanoic acid within the liquid phase, and in the presence of oxygen.
Model Formulation
Results from experimental work [24] carried out at SynchroWell Research Laboratory, Enugu were used for the model derivation. These results are as presented in Table 1 .
Computational analysis of these experimental results [24] shown in Table 1 , resulted to Table 2 which indicate that;
Introducing the value of Z into equation (2) (Log Zn)
Multiplying the indices of both sides of equation (3) 
N = 1.62 (Dissolution coefficient of zinc in butanoic acid) determined in the experiment [24] . α = Initial pH of the butanoic acid leaching solution just before the leaching process started. γ = Final pH of the butanoic acid leaching solution at time t. Zn = Concentration of dissolved Zn during the leaching process (mg/kg) Equation (6) is the derived model. 
BOUNDARY AND INITIAL CONDITION
Iron oxide ore was placed in cylindrical flask 30cm high containing leaching solution of hydrogen peroxide. The leaching solution is non flowing (stationary). Before the start of the leaching process, the flask was assumed to be initially free of attached bacteria and other micro organism. Initially, the effect of oxygen on the process was assumed to be atmospheric. In all cases, weight of iron oxide ore used was 5g. The initial pH range of leaching solutions used; 3.80-4.83 and leaching time of 2 hrs (120 minutes) were used for all samples. A constant leaching temperature of 25 o C was used. Butanoic acid concentration at 0.27mol/litre and average ore grain size of 150µm were also used. Details of the experimental technique are as presented in the report [24] .
The leaching process boundary conditions include: atmospheric levels of oxygen (considering that the cylinder was open at the top) at both the top and bottom of the ore particles in the gas and liquid phases respectively. A zero gradient was assumed for the liquid scalar at the bottom of the particles and for the gas phase at the top of the particles. The sides of the particles were assumed to be symmetries.
MODEL VALIDATION
The formulated model was validated by calculating the deviation of model-predicted concentration of dissolved zinc from the corresponding experimental values. The deviation recorded is believed to be due to the fact that the surface properties of the ore and the physiochemical interactions between the ore and leaching solution which were found to play vital roles during the leaching process [24] were not considered during the model formulation. It 
It was observed that addition of the corresponding values of Cr from equation (9) to the modelpredicted initial pH gave exactly the corresponding experimental initial pH values [24] .
RESULTS AND DISCUSSION
Computational analysis of these experimental results [24] shown in Table 1 , resulted to Table 2 . Table 2 . Variation of exp(γ/α) with (Log Zn) 1.62 (γ/α) exp(γ/α) Log Zn (Log Zn) The derived model is equation (6) . Figs. 5 and 6 show very close alignment of the curves from model-predicted concentrations of dissolved zinc (MoD) and that from the corresponding experimental values (ExD). The degree of alignment of these curves is indicative of the proximate agreement between both experimental and model-predicted concentration of dissolved zinc. The validity of the model is believed to be rooted on the expression (Log Zn) 1.62 = exp(γ/α) where both sides of the equation are approximately equal to 3. Table 2 also agrees with equation (2) following the values of (Log Zn) 1.62 and exp(γ/α) evaluated following statistical and computational analysis carried out on the experimental results in Table1. Based on the foregoing, the model is believed to be very valid as a predictive tool. Correction factors to the model-predicted concentrations of dissolved zinc indicate similar values as in the deviation but of opposite sign. This is because correction factor is the negative of the deviation as shown in eqns. (8) and (9) . It is believed that the correction factor takes care of the effects of the surface properties of the ore and the physiochemical interaction between the ore and the leaching solution which (affected experimental results) were not considered during the model formulation. Based on the foregoing, Table 3 indicates that a correction factor of -1.41 and -13.08% make up for the least and highest deviation of +1.41 and +13.08% resulting from application of initial solution pH 3.80 and 4.83. It is pertinent to state that the actual deviations are just the modulus of the values. The role of the sign attached to the values is just to show when the deviation is surplus or deficit.
CONCLUSION
The model assesses and computes the concentration of zinc dissolved (relative to known values of the initial and final solution pH) during leaching of Ishiagu (Nigeria) sphalerite in butanoic acid solution. The validity of the model is believed to be rooted in the expression (Log Zn) 1 .62 = exp(γ/α) where both sides of the expression are approximately equal to 3. The maximum deviation of the model-predicted concentrations of dissolved zinc from that of the corresponding experimental values is less than 14% which is quite within the acceptable deviation limit of experimental results.
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